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^ (54) Title: PHOSPHORESCENT DENDRIMERS FOR USE IN LlGHT-EMTmNG DEVICES 

(57) Abstract: A light emitting device which comjsises at least one layer that contains a phosphorescent organometallic dendrim^ 
with a metal cation and two or more coordinating groups as part of its core and wherein at least two of said coordinating gro*^^ 
have a dendron attached, at least one of which dendions comprises at least one nitrogen atom whidi fonns part of ar ' 
system or is diiecdy bonded to at least two aromatic groups. 
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PHQgPHQKgSCENT pgNPMMERS 

This invention relates to metal-containing phosphorescent dendrimers with at 
5 least one doodnm that cooopises one or more units that contain a nitrogen atom and 
Ught-einittfa^ devices C(»itaini3Eig 

A 'Wide range of hnninescent low molecular weight metal conqilexes axe known 
and have been demonstFated as holfa U0A emitting and charge transporting materials in 
light emittuig devices, in particular light-enutting diodes (LEDs) also known as 

10 electrohiminscent (EL) devices. To tndce efficient devices &m must be good charge 
izgection» transport and jstnission from fte For fluorescent 

molecules, a shnple analysis of spin statistics associated wifli the iigection of oppositely 
charged carders vMch pair to fiinn exdtons shows that onl^ 25% of flie excitons formed 
in the LED are in the single state wi& 

15 capture oftfae charged species. However it has been suggested that Aebanier of 25% 
fixr singlet excitcms may be exceeded Sxc fluorescent polymers but it is stin known to be 
far£romlOO%. Fm most organic materials only the smglet states can decay radiatively 
generating light, the trq>let states decay nonrradiatively. The possibility to extract 
luminescence from the tc^Iet excited state has recently been demonstrated by inctusioxi 

20 ofpho^horescent guest metalHccoinpIexes in host matrices. These phosphorescent 
' metal complexes are generally used in ablend with an organic host Theorganic host 
plays an important role as it is involved in charge tranq)ort bu^ 
source, ie. it transfers the excited state to the metal conq>lex for emissiocL The main 
type of hosts used are based on carbazoles, e.g., CBF (4,4*-N,N*-dicarfoazole-biphenyi) 

25 (Bi2J Xie et al. Adv. Mater., 2001, 13, 1245) and TCTA (4,4',4''4ris-(carbazol-9-yi) 
triphmylaxrdne) (M. Ikai et al, Appl. Fhyis. L^, 2001, 79, 156). It should also be noted 
that TCTA contains a tciar^amine moiety and it has been shown that this can be 
advantageous* However^ at times blend systems are sensitive to the concent^ 
guest in the host and only low ccauratrations of the guest can be used before phase 
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separaticm ]tads to aggregatioii or intennolecular interactions of the emissive species 
jxicceasesaxidflus leads to eioissionquencliing. It has been demonstrated that for 
optimum emission the pioportioa of phosphoiescmt emitt^ to host needs to be low to 
avoid tapUMsipkt annihilation. 
S &i addition the metal c(Hxq>lexes used to date have been designed to be volatile so 

that hirers can be dq;K>^ted by thermal ev^]^ For OLEDs using evapoxafied 
«iitting layra:s the guest andlu>st are co-evq[K»ate4but this is adiffi to 
C(mtn>l accurately, tibialis to get the coirectra^ Co-evapozated layeiis 

mi^ also lead to the greater probability of having two phosphorescent emitbas closer 
0 togrther ibm in layers deposited fiom spmrooating a homogmeous solution of the two 
conoponents. In xnanyqypUcations solution processing would be 
evaporation, but the cunent molecular matCTials do not form good fihns when deposited 
by solution processing. In addition it would be advantageous to have guest host systems 
in which hig^ levels of guest can be used This is possible with dmdritic materials. 

IS Wehave abeady disclosedinBritish ApplicattonNo. 0106307.2 that.lhese 

problems axe solved by forming certain dendximos with metal ions as part of tte 
Dendrimers axe branched macn3molecule8 in wMcAbxanc^^ (also called 

dendrites) are attached to a core. The properties of fht dendximers make them ideal fyc 
solution processing and allow incorporation of metal conq>lex chromophores, which 

20 have been demonstrated to be effective in light ^ttmg devices QJSDs)^ into a solution 
processable systm. 

Phosphorescent guest-host emissive layers that are produced by solution 
processing fix>m a homogeneous solution should have the advantage that tiie 
phosphorescent guest is evenly distributed throughout the formed fihn^ assuming of 

25 course that there is no phase sq>aratiotu We have dCTionstrated that for dendrimers with 
iridium as part of their core device performance is more tolerant of guest-host 
conqK>sition than ev£^rated devices containing iridixmi complexes. We believe Ifaat 
this is due to Hie more homogeneous films produced and tiie &ct fiiat the dendritic 
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a]xlutectarekee|)s1he cores s^arated and reduces txipl^-tdplet quencfaiiig. 

AK3k>i^ the prior plication shows how to produce solution processable 
pho^xhoresceiit dendi3mei:5, tiie most effident LEDs £t>m the dendrimers disclosed in 
• Britidi AppUcation No. 01()63(nJtstiU require 
5 blended WLlb a host materiaL Wehaveiiowqipiedialed^accQidingtothepc^^ 
inveation, that it would be advantag^us to have material in whidx ftte two components 
of Ifae blend are in a srn^e molecule &r the following reasons: 

1. Iti8criticdtibateadithneablendedjB3misp]^^ 
guest to host miaterial is used and this iieed is obviated if 

10 single molecule. 

2. The dendritic stnictnre can be involved in the tcanqM»^ 

3 . hicoiporation of the conqxments in a single molecule can ^ve bxqxroved 
li^ emission. 

4. The san^e molecule can allow simpler manuftcturabili^. 
15 > 5. The single molecule can give improved electrochemical sta^ 

6. Having the two conq>oneats of the blend incorporated in'a single 
molecule can give inq>roved film stability, ie. with no tendency for phase separation 
over.time. 

Accordingly the present invention provides a ligfht emitdng device and, ixi 
20 particular, a Ug^t emitting'diode, which conq^rises at least one layer that contains a 
phosphorescent organometallic dendrhner with a metal cation and two or more 
coordinating gcoiq>8 as partof its core aiui wherem atleast two of said coordinating 
groiq)s eadi have a dendron attached, at least one of which dendio^ 
one nitrogm atom ^i^ch fbmis part of a^ aroi^^ 
25 at least two aromatic groiys, as well as the dendrimers used tfaerdn. 

TypicaBy, said phosphorescent dendrimer is located between an anode and a 
cathode. 

. The dendrimers typicalty have flie ftomila (J): 
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CORE-pENDRON], 0) 

in. wbich CORE rqxreseiits a gxnap contaiBing a metal ion, n represents an integer of 2 or 
5 more, eachDENDRON, ^idudiinay be fhe same or different, represents a dendritic 
]XK>lecaIar stroctiire comprising at least one nitrogen atom which finms part of an 
aromatic ring system or is directly attached to at least two aromatic groups such that two 
or more coordinating groiq>s have different DENDRON attached, CORE terminating in 
the single bond ito the first nitrog^ atom or aromatic riog to which more than one 

10 dendritic chain is attached, said nitrogen atom or ring fornodng part - 
In a prefCTred embodiment the dendrons are inherently at least partially conjugated. 

When the pho^horescent organcHnetallic dendrim^ of tiiie invention has the 
fonnula(l),fheCOREmoiefyistypicaUyanorganometalHcmoi^^ As used herein, an 
**organQmetallic'* compound or an *'organometalIic*' moiety is a metal-containing . 

15 compound or moiety. Preferred '^organometallic'' corr^unds and ''organometallic" 
moieties are compounds and moieties in which a ligand is attached to a metal via a 
cazbon-metai bond. 

In an alternative embodiment the first branching point is an sp^ hybridised carbon 

atcxDou 

20 Dendrons are comprised of branchiiig units and, optLonaUy, lin^ The 

* generation of a dendron is defined by the number of sets of branching units in the 

dendion. In a second generation dendron, there is a first branching unit, and each of the 

brandies stemnaing fit>m that first branchi^ 

branching uni£^0- 1^ a third ^aeration det^^ 
25 second branching units wouMthms^ 

dendrcms. Suitable bnoaching units include aryl and heteroaxyU 

N. It should be noted that a N-containing fiised het^paryi ring such as caAiazole can be 

conrideiBd a branching point The li^ 

combinations such as aryl-aryl, ar^-vinyl-aryi, aryl-acet^enjd-aryl, aryi-ar^-arjd (where 
30 aryi' maybe different &om ar^), N-ar^ and N-aiyl'-N where aryi and N are branching 
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mdts. PrefeETedSnkhig units iiKsl^ Anmdmdnaldcodixmmay 
ccmtaiii one or more of each type of branching point Morcovar,infiiecaseof1]ieaxyL- 
vin>d-aiyl and acyl-acetsdaiyl-acyl linkages within the dendronthoreinay be one or more 
ais^- vinyl or ai>4-acet3den)i lixik b^ 
5 more than one vinyl or acetylenyl or aryl moiety between two Bcyi brancfaing miits but 
preferably no more than three. Furthor, there can be advantages iii using an aqno^^ 
dendnmerie. where the dendrons arenot all the same« 

Typically, at least one dendron is at least second generation. 

hihamtly at least partially coigugated dendrons (dendrites) indicate that they axe 

IQ made up of alternating double and singly bonds or N lone pairs, apart from the surface 
groups. However ibis does not mean that the 7C system is fuUydelocalis^ The 
^fjlACfiHilgfttlfm nf the 7t system is dependent on the regiodiemistry of flie a tt a chme nts. In 
an inhomdly at least partially coq u^ted dendion any branching nitrogen will be 
attached to 3 Ch^ro)aryl groups. It is p:efen:ed1faat at least one, and especially all, of 

IS the dendrom is/axe ihheiCT^ at least partlaUy conjugal 

As used heidn the tenns aiyl, vh^ acdylen;^ etc. refe 
divaleni^ trivalent or multivalent as a pp ropri ate, hi a preferred embodimea]^ 
dendrons are conjugated, b one pre&Q:edeQibod]ment, at least one deridx^ 
nittogen atom wUdifonns part ofanaioniatic ring q^eoL hi another embodiment at 

20 least one dendron is at least second generatLcm and conxprises a nitrogen atom which is 
directly attadied to at least two aromatic grot^s. Inone embodiment the core (or CORE) 
is attached to a nitrogen atom wilfain the doidron \^ch fiams part of an aromatic ring 
system or is attached to two other Chetero)ar)i groups. Ma preferred ernbodimentflie 
nitrogen atom forms part of an arouGLatic ring systeno, espedaify 

25 attached to two aromatic groiq>s, preferably phen^ groiq>s or substituted fluomyl 

groups sudi that &e nitrogen atom forms part of a di-OTtri-arj^^^ Preferably 
at least two dendrons possess such a nitrogen-containing soximatic ring system. 

Altematively, Ihe &^ shig^e bond is attached 
phciQdgcoup. In aprefeored embodiment the azyi group is attached t^ 

30 cazbazole group, one enibodimentlfaeN-ccmtaining units wid^ 
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carbazole units. MapiefeiTedOTibodimeatthelMm 
attached flixdugh the N, 3 and 6 podlions. Maiiofber preferred eii^^ 
cazbazole branchizig points m diiectly linked whilst ia anotber they are sqpaiated by an 
arylgroiq>, preferably pbenyL la another CTbodimentlliedeiidrons have ftien^^ 
5 only included in a carbazole moiety, and all the dendions attached to the core are of this 
type. It should also be noted that dq>ending on which inut the nitrogen atom ism 
be part of an electron-transport or hole-transport or bipolar moiety. For bipolar 
properties carbaztfle units are preferred, for hole-transporting (HT) properties 
triarsdamines are preferred and for electron-transporting (BT) properties either 
10 oxadiazole,ben2anddazole,quinoxalineortriazolegpcoi^^ Thus, 
typically, the dendron takes the stractare 




wherdn Y is oxygen m wMdi case -Zj-Zj- rqxtesents -N^CJiS or Y is -N-R^ in which 
case -Zi-Zz fi^™ part of abeozne zing or -N"CRS rq;Nreseiits an optionally 
scibstitiited benzene radical and xepre^nts an optionally substituted allg^ or aryl 

15 group. Thus tiienitaogeEirKK>ntaining rings are ei^ 

triazoles. R^ is typically substituted by one or more soifiu^gro^^ 

butjd. R> is phenyl, whidh is preferred, or alkj^ 

such as rneOyl or eihyl; fliese can be substituted, fixr GXBmplcvf^ 

can be substituted with, for example, one ormore allQd^ alkoxy or halo substitnents. 

20 Specie exaxnplesofdoidrimerswiihsudi a deudron are sfao^ Xtwiflbe 
{predated that the dendions in a dendrimer can contain mixtures of ET, HT and bipolar 
components, and these are pref<a»bly in sq>arate dendrons so ttiat Ibssy are not in 
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amjiigation with eadi oilier. 

B is pii^arodtliat iKdim the lart 
fbc distal aiyl gn>iq>s possess one or more sui&ce groiq>s Ifaat are not hydrogen atoms. It 
is fiffOierpE^ened inlius case fliat fhe dendtons zxe at least inhearendy partially 
5 coxgug^ted 

la particular, DENDRON comprises in part an aromatic unit ^ivldch contains a 
nitrogenatom. This mtrogm atom dtherfomis part of an aromatic ri^ 
direcily attached to two or 11are6an>niaticgconps. Where the mtcogen is part of a ring 
system, it is pref<a^ly in a carbazole group, and when it is attached to aromatic groups, 

10 • the j^madc groiq>s are preferably phenyl or substituted fluorenyl or heteroaiyl groups. 
Typically, the dendrimer con:tprise5 a dmdron having a plurality of nitrogen 
a tny"g More preferably, said dendron has a plurality of nitrogen atoms, each being part 
of a carbazole grocqp. Furfhar,aU fhe nitn>gen atoms in said deaidronm 
of caifoazole groups. t 

15 In a preM!red'embodimeat Ihe dendrimer ccmprises 3-21 carbazole units. 

Ihe present invention also provides a device which coiqprises at least one layer 
that ccmtains a phosphorescent organometallic conq>oimd with amc^ cation and tw5 or 
moi:e coKirdinating groups as part of its core andi^erBm at least two of said co- 
ordinating groups each have a substitueot attached, at least one of whidbi substituents 

20 conqprises at least one nitrogen atom which fbrms part of an aromatic ring system or is 
direct bondedto at least two aromatic groups, said nittog^ 
oo-oidiiuiling group by a direct bond or an optionally substituted hiydrocarb^d group. 

Also provided is a phosphorescaC (gganometaHic conqKnmd with a metal cation 
and two or more co^ndinatmg groups as part of its core andindicrein at leasttwo of said 

25 coKodinatfaig groups eadi have a subsdtnent attached, at least one of vMch substituents 
comprises at least one nitrogen atom widdi §mns part of an aromatic ring system or is 
directly bonded to at least two aromatic groups, said nitrogen atrai bmng Uiiired to Ihe 
co-ordinating ffoxsp by a direct bond or an qptional^/ substituted hydrocarbyl groiq>. 
.Typically, said substitucnxt is a carbazole groT:^. Typically, said optionally 

30 substituted hydrocaihyl groiq) is a €2-^12 hydrocarbyl group. Preferably, said optionally 
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substitatedhydiocaibyl gn>iq>isp]i«yl or Cj-Ciz alkylene, for exaniple etbyleoe. 

For molecular pbosphcxrescent m 
the host which oftm oontafa^ carbazole units can transfer its energy to the 
phoq>horescent guest for emission. In Ihe case of green and red emission the host has 
5 been reported to have hi^ber energy levels than the gaest and for bhie emission the 
energy levels olfthe host are reported to be tower than the go^ In the dendnmers fluit 
contain the host compcments m the dendron, the dendron singlet or trq)let ena:gy should 
preferably be such that it can, if fbcmed» be transferred to the core for emission. 
Therefore whilst the smglet or triplet energy of the dendrons is normaUy greater than the 
' 10 emission energy of the core it can be below that of the core providing the energy 

difference is anaU enough to aUow the transfer of energy to the core^ Toaidthisitis 
preferred that the triplet netted states of the dendrons must be longer lived than the 
emissive state of the core. 

The dendrimers of the invention are preferably luminescent in the, solid state. The 
15 luininescent moiety may be partially or wholly within the core itself. The luminescence 
is preferably fiom the metal cation containing core. 

Suitable sur&ce groups for the dendrimers^ which are preferably present, and are 
attached to die distal Oietero)aryi groi^ include branched and unbranched alkyl, 
especialt^ t-butyl, branched and unbranched alkoxy, for example Z-ethylhexyioxy, 
20 hydroxy, alkylsilane, carboxy, carbalkoxy, and vinyL A more comprehensive list include 
a fiirfher-^reactable aUcen^ (meth)acrylate, sulphur-containing, or silicon-containing 
ffoap; sulphonjd group; polyeth^r groiq>; Cj-to-Cis alkyl (preferably t-butyi) group; 
amine group; mono-, di- or tri-C|-to-Q5 alkyl amine gjxmp; -C(X>R groiq> wherein R is 
hydrogen or C|-to-C|5a]k}4; -OR groxip wherein R is hydrogen, ar^ or Crto-C,5alk^ 
25 oraIkBnyi;-02SRgroi9wheEemRisCrto-C|5a^^ 

ac^ m Ci-to-Ci5 alksd or aBceiq^ -SiRs group wherein the R groiqps are tibe same or 
different and are hydrogoi, C,-tD-Ci5 zSkyl or alkenji, or -SR' groi^ (R' is arji or C|-to- 
Ci5 alk^ or alkenyl}, taacyU or heteroar^ . Typical]^ tA>vSyl and sOmxy ffoaps are used. 
Diffident surfece grotqps maybe present on different dendrons or different distal groups 
30 ofadendrcm. M one enoibodiment, there are surfece groups present on 
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canqprises fhe N atom vMdx fonns part of an axomatic gcoiq> or is attached to at least 
two acomatic gxnaps. Jt is prefecred tibat tfae deodzimjer is sototicni proccssable i.e. fbe 
sar&ce groups are sodifliat Ibe dei^dtimer can be dissolved ma solvent 

Iliesiirfiicegroiqpcaabediosensochttatfhec^^ ' 
5 reqwediann^Sxam^ Heiice^itwiUbeqqpredatedliiattt 
is pte&cred that the sur&ce groups are groiq>s which contain at least two carbon atoms, 
for exan^le €2*^15 ^^^^^ OR where R is aryl or C2-C15 alkyl or eSlmxyL More 
preferably, &esarfiu^gnnq>swiUG(m^ hi 
addition. Use sur&ce groiq) can be chosen such that the dendrhner can be patterned. For 
1 0 exanqple, a cross-lmkable groiq) is present winch can be cross-Uhked tqpon irradiaticni or 
by chamical reaction. Altoiiatively&esur&^egroi^compis^ 
^f^ch can be removed to leave a group which can be ax>ss-I^ Ingmeralythe 
sur&ce groiq>8 are selected so the deodripiers are soluble m solvents suitable for solution 
processiDg. 

IS The aryl groiq>s within the dmdrons can helically benzene, n^t^ 

. bq>henyl (in v^ch case an aryi groiq> is present in the link between adjacent branchmg 
points) aulhracene, fiuorene, pyridine, oxadiazole, triazole, tdazme, thiophaie, 
caibazole, quinoxaline and where £^ropiiate substituted vaxi^ Typical 
substitamts include C, to BSkyi or alkoxy groiq>s. The arjd groiq>s at the branching 
20 points are preferably benzene rings, preferably coiq>led at ring positions 1, 3 and 5, 

triazin^ or carbazble rings* These groins nmy optionally be substituted. Thecaxbazole 
units are typically connected at the 3-» 6- and K positions. 

ft wini^e q)pxedated that one or more of the dendrons a^ 
. ' uncoiy ugated« lypicall^sudidfifDdrons include elfa^^ 
25 where beiizene lings are connected via a DQM^^ It win also be appreciated 

Oat ixdien Oere is more than one deai^^ 

gnoeiationCeeDerBtiQnlevdl is determined by Ito It 
maybe advantageous ftr at least onedendnm to be of.flieseccmd, orUgM; gmeraticm 
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toimjvideliie required solution processm Second, or hi^er,gOTeration 

dauhons are pardculaily usefiil in the cases when the nitrogen atom is attacHed to aryl 
gtoi^s and Ihe nitrogen atom acts as &e branching unit in the dendnm, e.g. the nitrogen 
abm is directly attached to 2 or 3 aryl groiq)S and the dendron containing the nitrogen 
5 atcmi is ofsecond, or Ug^, generation. ^Mbien the branching miit is a nito 

a given degree of branching, the dodrons are relatively small (that is incorporate a 
rdbEdively «mM number of atoms) compared to a deadnm in ^wfaich the branchiiog umt is 
an aromatic ring incorporating a nitrogen atom (e.g. carfoazole). Laiger dendrons can 
improve film fiaming properties andiiicrease the ^aeingof the hmdnesceiit cores* 

10 The cores ^icaUyconiprise a mrtal cation and attached ligands; Ihenuriial is 

central rathe c(»e and the core is lominescent It should be noted ttiat aUhou^ the core 
is emissive the attachmeot of, andfheregiochemistry of attachment o^ tfie dmtoms can 
directly afiEbct Ihe emissive properties of Jhecc^e. The core normally conqirises the 
' metal cation and the aryl and hkooar^ units directiy attached to the metaL Msome 

15 cases Iheheteroaryl and aryl can also form a branching point, e.g. if a second dendron is 
. attached to Ihe aryl or heteroaiyi unit that is comected to the m^ Howeverhi 
sudi cases it is stiU the case that the deDd^^ 
bound to Ihe metal cation must themselves coritain ^ 

forms part of an aromatic ring system or is dxrectiy bonded to at least two aromatic 

20 groiq>s. It is to be understood that tiietenn '"metal ion'* 

herein, describes the charge state ihe metal would have without ligands attached (the 
oxidation state). In the dendrimers that ccmtain a metal cation the oyendlch^ 
dradruner is neutral and the metal-Iigand bonding win have more or less covaleot 
character depending on the metal and ligand involved. 

25 When the core comprises a metal cation and attached ligands it is typically a 

complex of a metal cation and two or mtire coordinating gn>iQ)S, at least two of the 
coordinating groiq>sbemg bound to dendrons. Typically the hipunescence of the 
dendrimerwiUdmvej6rom1hatconQ>lex. CORE is typically a complex ofa metal cation 
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aod two or more coordinating gtoi^JS, at least one and preferably two or more of flie said 
groins each being bound to a DENDRON moiety as defined in fomiiila (I) by the sin^e 
bond in wMch CORE in this fiMmnlatenninates. it is especially preferred fljatdendrons, 
inparticnlarDENDRaNS are attached to all of flie coordinating groiqw forming part of 
the CORE. For exang>le in fee iridinm dendrimer Bxanyies (S, 7, 25 see bdow) 
DEt^RONS are attadied to aU lliree ooonlinating groiq^ 

Bi one aspect of &e inveotion CX>Iffi be i^resented as a conq^ 

foUowing fannala OD^: 



10 



M[X-],Y, (D) 



wherein M is a metal cation, each [X-]. ^wtixsb are the same ot different, is a ooojdinating 
ggoup X attached to a single bond in which CORE tenninates, each Y, ^di m^ be fee 
sameordi£ferent,isacoordniating83roi:i.qi8anintegerof2armareandri80oir9n . 

15 integer, fee sum of (a.q) + Qis) being equal to fee number of cooidinatlan sites available 
on M, wherein a is fee number of coordination sites on [X-] and b is fee number of 
coordinatifm sites on Y. 

The single bond to fee branching groi:?> maybe directly fiwm fee co-ordinating 
groiq> or via an iutervMing &ovp, typically an efeylene, substituted efeylene, vinyleo^ 
20 substituted viDE^bae or acelylefeylgroiq). 

The sin^ bwid in fee or each [X-] moiety, being a bond in whidi CORE 

tenmnales, connects to a dendnm. Preferably feere are at least two dendrons in a 
dendiimer, inwhi«shcaseqittfennnlaCII)isanintegorof2ornMaB. Thesaidtwoor 
more deodionstypical^have fee structures lepresenifced by DENDRONas defined 
25 above. The coordinating groupaY.'wfeenpresenl; are newtnd or 

are not attpdied to deodrcms and whudi serve to fiilfil fee 0001^^ 
• xeqaixemenlsoffeB metal cation. Suitable Vinctadearjto^idlnes and heteioaijd 
pyndines and substhuted variants. OflieraitraaaativeYligsndsindndeMaMton^ 
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caiboxy^yridmes, such as picolinic acid; triary^hosphines, such as tEiphmy^hosphine, 

trialky^hosphmes, ethyl^ediamiiie, cyanide^ carbon monoxide and carbon monosulfide. 

Suitable m^als include metals in tib.e second or tiiird row of the transition metals 

especiaQy iridium, rhmi^^y", diodium and platinum, 

5 Ihe second or Hurd row transition metals &xm organometaUic coxnplexes with 

caibon or nitrogen donois. These can inchidefiiresKanqilepoii^^^ 

For iridinm metal cations 'die nitrogm donor is generally part of a heteroaromatic rmg, 

sudi as pyridine or substituted pyridine, and Hie aryl is apheoyl, fused ar^ or more lhan 

one aromatic ring, or a hetooaryl, or a substituted eqm^ Thedradroncanbe 

10 attadiedtodthoroftberingsi* The two rings of the ^gand** are normally m 

coryugatian» so that the metal forms a 5 membecedcyclometaJlated ring. Alternatively 

the rings can be attached in sudi a way Ifaat ibsfy can fcam a 6-membered cyclometallated 

ring wi&ttie metal cation. It is preferred that the at least two said dendn)ns are attad^^ 

- » • ' 

to figands Ifaat are bonded to Ihe metal by at least a caiboU'-metal bond tti^furOirar 

IS piefisrredthat1faecadKm-metalb<mdfonnspartof ac^ Forlfaemetal 

dendrimor the emission colour is governed by the lowest eat^rgy For green 

«mlgfiiftn fl mritflhle ligand and dendion attachment is shown in figure A of Figure 6, For 

red emission it is appropriate to have 3 cocxrdinating li^ 

attached to pyridine fi)r.exanq>le as in Figures. Alternatively for red emissicm there . 
20 could be one ligand as inFigoreB andtwo dendritic ligands as mFigure A and the 
Figure B type hgand may or may not have a dendron attached. For the bhie emission it 
is suitable to have 3 coordinating Ugands each with a dendnm attached to the pyridine 
via say an ethylene link with, for example, fluoro groups on the phenyl^ as shown in 
Figure C. 

25 The dendrimers can be built in a convergent or divergent route, but a convergent 

route is preferred. Thus the dendrons are.attached to the e^ropriate ligands and these are 
subsequently attached to the metal cation to form the dendritic metal complete. 
Optionally wfa^e die synthetic route allows other noiHlendritic ligands can subsequently 
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be attadiBd to said complex. Altematiyely a ligand wifli a suitably leactive fimctiooal 
- gcoiq>caabecoaq>le(xedtothemetdioii,andthenieactedwifti^^ 

fimctionaliseddeodioiis. M tins latter mediod, not all figands have to have &e reactive 
fimctioml gnnq>8, aodtiBis flos meOiod 

5 not aUofthe Uganda conaplexed to tiiemetaL Akeyparapertyoftiiedendroasisto 
in^Mxt solution inocessibilily to Ihe mdsd craxpkx ai^ 
good qimHiy ff^" ffl™^ antafele fcr use in lighfr<aaitting ^odes. 

' The dendritic metal campkKes may be hi(x^ 
of dendritic ligand, as disoossed above. Attematively, die metal conq^kx miQr contain 

10 two or ptdferably more tiian two, e.fr 3, dendritic Uganda phis one ormoce nod-dendritic 
Ugands. Also for iridiimi it is jwssible to haw two dendritic pheiq^^di^ 
IhetiiirdUgandanonrdeiidriticar^yridineUgand. It is desirable tiiat the nnniber 
and/or generation of dendritic Ugands is sufficient to provide the required sohtfion 
processing. In flie case of tiie d^dritic metal complexes vsrhere all die Ugands are 

15 diEEerent die m^hod of preparation may give rise to a statistical mixture of aU complex 
types-.This is not necessarily disadvantageous iwoviding that d» optical, electronic, an^ 
processing properties are satis&ctcny. In the case of mixed dendron coiiq>lexes it is - 
' preferable tiiat die moieties fitrming the attachment point to metal are all the same or 
■ ^aif* rimflar WmBwg rrmstants. h Ae case of dendritic complexes Ifaat contain two or 

20- irMwn /iiflfewmt dgndtms at least one should desiiably be a coigugated dmdron. The 

coigugBted dendnms can be ooaqirised of a number of dififareot types of brandling units, 
as discussed above. 

The sur&ce groiq>s and dendrites can be varied so die depdriroers are sohible in 
solvents, sndi as toluene, THF, water and alcoholic solvents sudi as meflianol, suitable 
25 &rtiiesohitionproce8dngtednuqueofGatoice.T^rP»»dly^^^ 
Ijeen used, bi addition, die (^ice of doidraa and/or suffice gioi9 
fomiation of blends witii dendrimos (organic or otganometalUc), po^joner or molecular 
ccnnpounds. hi an altoiiativeembodimeotoffliBpwJsent invention the o^OTble^ 
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compoafitrf can be ft ^h«f^ transport materiaL If it is blended Willi another component 
the ^es^nAmneT of ttie cnnent iiiv«Qtian is preferably the msasox component in Ihe blend by 
. either wd^t% and/or mole %* Ifthedendiimer is blended with a polymoritis 
piefored that the polymeria a cosgugated polymer or itself contains N as pait of an 
5 ^i wnfttjfi rmg or directly banded to at least 2 aromatic rings. 

Afy^frttn g to anothar aspect of the present invention the OTggnametaHic 
dendxhner canbe mcoxporated into a lig^ emittmg diode as either a homog^eous layer 
or as a blend wxlh at least one dendrimer (organic or oiganometallic), polymer or 
' molecular conqK>mid. 
10 The organometallicdeiidrimers can be incorporated into an IJ^ 

conventional manner. M its siiiq>lest fbnn, an <Mrganic light e mitting or 
dectrolummescent device can be formed fircm a light emittmg layer sandwidtod betvireen 
two electrode^ at least one ofwfaic^mxist be transparent to the em^^ Sucha 
devicecanhave a conventi<mal anan^ihent coixqirisu^ 
is transparent electrode layer, a U^t emittmg layer and a bad^ For this purpose 

thestandmimat^alscanbeiised. Thns, Qfpically, the tranq[>arent su^^ 
typically made of glass aldiou^ otiber tranqMoent materials such as PET, can be used. 

The anode which is generally tran^arent is prefisrably made from indium tin 
oxide (irO) althou^ other amilarroatodals including indium oxide/tm oxid^ tin 
. 20 pxide/mtimony, 2mc.oxide/ahm»ininTi, gold and platinum can also be used. C<mductmg 
polymers such as P ANI (polyaniline) or PEDOT can also be used. 

The cathode is normally made of a low work function metal or alloy such as Al, 
.Ca,Mg,Ii,orMgAlorqptionanywithanadditioiiallayero As is well known, 
other layers may also be present, including a hole tran^>orting material and/ or an 
25 electron transporting materiaL Foraphosphorescent dendrimer emitter, it has been 

found that it is particularly beneficial to have a hole4>loddng/electcorirtransportmg layer 
between the U^t knitting dendrimer lay^aiid the cathode, hi an alternative 
configuration, tiie substrate may be an opaque material such as silicon and the li^t is 
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emitted tiroi^ the opposiiig elects 

Att advantage of the present inveDtioa is that the layer containing the dendrimer 
can be deposited fiomsoltitiort Ck>nventiozial solution processing tednuqaessi^^ 
spin, coating, ink-jet printing, printing, and dip-coating can be nsed to deposit the 
5 deaodrimerli^. In a lypical device a solution contdiitng the dendrim 

the transparent electrode layer, the solvaat eviqporated, and tiien subsequent layers 
qqplied. llseMnthiclmessistyptcaUylQ^ 
more preferably 30-12QnnL 

The invention win be described m file Exanqiles wluch jfoUdw, with'ieference to 

10 the accompanying drawings wherrin: 

Fig. 1 illustrates the pn^aration of carbazolyl dendritic arjipyridine Uganda 
CBxanqiles 1 to 3) and a first generation iridium dendrimer. Rumple 11). 

Fig. 2 illustrates the inreparation of another carbazolyl ary^yridroe dendritic 
Hgand (Examples 4 to 8). 
15 Fig. 3 iUnstrates theprqparationof a second generation carbazolyl dendritic 

ligand and a fhrst ggneration iridium dendrimer (Examples 9, 10). 

Fig. 4 illnistrates the prepar ati on of a second generation iridium d e nd ri mqr 
(Example 12). 

Fig. 5 iPustrates the preparation of another first generation hidium de ndrim er 

20 (Bxanq>le 13-15). 

Fig. 6 illustrates suitable ligand and dendron attadnnents. 

Fig. 7 illustrates the preparation of a second generation iridium dendrimer. 
Fig. 8 show the current-voltage and hnninance-volts^e characteristics of a device 
containing a second generation iridium dendrimer (Bxamples 18-20). 

25 Bympl^t 

3,6-IXr4*-/2*- ethvihfflndoxv^henvl1carbazole 

A mixture of 3,6-dibromocarbazole (12.0 g, 37.1 mmol), the boronic cwnpound GO- 
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BXj , see below; (24.1 g, 96.4 mmol), tetrakis(ti:5>henyiphosphin palladinm (0) (800 
mg, 0.692 mmol), 2 M NajGOa^^^ (40 cm^), EtOH (40 cm^) and toluene (100 cn^) was 
degassed and then heated at reflux (with bath temperatoie of 1 00 **C) under argon for 42 
h. Themixtore was allowed to cool and diluted with HjO (30 cm^) and ether (40 cax^). 
5 The two layers were separated. The aqueous layer was extracted with ether (3 x 40 cm^). 
The organic layer and the ether extracts were combmed, washed with brine (1 x 50 cm^) 
and dried (ti22^0^ and filtered The solvents were completely removed and ttie residue 
was purified by colunm cliromatography over silica using ethyl acetate-light petroleum 
(0:1 to 1:10) and DCM-e&yl acetate-li^t petroleum (4:1:20) as eluent to give 14.7 g 

10 (69%)ofl;m/r[APCr]576CM^. 
GO-B^ was pr^ated as follows: 

GO-Br 

4-fT>Ethvniexv1oxv>phenvIbiDnude 

Sodium hydride (60% diq>ersion m oil, 1 7.4 & 435 mmoQ was added in portions to a 
IS cold (ice-baliL) sotadon of 4-bromopheD6l (49.0 g, 283 mmol) in dry DMF (780 cm^). 
The inixture was sthied at that teDQperatuie for 2 h and the iM 
solution of 2-elhyih^Qibcornide (54.4 ca?^ 306 mmol) in 150 cm^ of dry DMF was 
added dxopwise through an addition funnel to the reaction mJxtnre and tfie reaction was 
stirred at room t^nporatore overnight (2 1 h)* The resultant mixture was diluted witti 
20 water (400 cmf) and efh^(500 ca?). The two phases were separated. The aqueous layer 
was eactracted with ether (3 X 300 cm^ and the orgamc portion and tte 
were dried over anhydrous MgS04» filtered and the filtrate was collected and eviq>orated 
under reduced pressure to leave a yellow oil. Colunm diromatogrq>hy over silica Qialf 
amount eadi time) with Ug^t petroleum as eluent afforded GO^Br (54.L g, 67%) 
25 X^iCSSJCl^mn 284 (e/dm^r W 1251), and 291sh (1001); d^400 MHz; CaXaj) 
0.83-0.97 (6 H, m. Me), 1.30-1.57 (8 H, m, CB^, 1.68-1.79 (1 H, m, CS), 3.78-3.84 (2 
H, m, ArOCHj), 6.74-6.80 (2 H, m, ArH), and 733-7.40 (2 H, m, ArH); 8c<100 MBD^ 
CDQa) 11.1, 14.1, 23.0, 23.8, 29.1, 30.4, 39.3, 70.7, 112.4, 116.3, 132.1, aod 158.5. 
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4-(7'-prtivni«^nitvV»ii«ivnKmiiiic add 

Tert-batyl liflumn (1.7 M, 66.0 cn^, 112 maoV) was added carefully to a cold (diy^ 
ice/acetaoe bafli) solntian of GO-Br (20.0 & 70.1 mmoO in 300 cm' of anhydrous THF 

5 mito an aig»nalmoq*ere. The mixtaiB was stared at - 

borate (57.2 cm^ 421 minol) was added dowly to Ihe cold mixture. Ihereacttoii was 
sttaed at -78 •€ fiJT 2 h before being removed fixmi ihe diy-ice^aoetoiie 
was Ihen stiiiBd at room tenq)enrtnre for finflier 2.5 h beto 
HOt^ (30 cni').T3)e two liQWSwere-separated. The aqueous 1^^ 

10 1X3^ (3 X 30 cm^. The organic Uyer and &eIXM extracts were combined and dried 
ovw anhydrous magnesium sulfide, filtered and &b solvents were completely removed. 
Purification by cohmm chromatogr^hy over silica using ethyl acetate-li^ petroleum 
(1:10), and then eflqd acetate-DCM (0:1 to 1:3) as eluent gave two majorbands; less 
polar conq)ound G0-B(3^ 6.44 g; 8^(200 MHz; CDOO 0.81-1.05 (6 H, m. Me), 1.22- 

i5 1.62 (8 H. m. CSQ, 1.68-1.88 (1 H. m. CH), 3.91 (2 H. m, AiOCH^), 6.98 (2 H, m, . 
A^)y and 7.77 (2 H, m, AiE^; and more polar conq>ound, a trimer, Ga-B(X>jsB, 8.40 g; 
5h(200 MHz; CDCy 0.85-1.07 (6 H, m. Me), 1.30-1.64 (8 H, m, CHj), 1.70-1.90 (1 H, 
m. OB^ 3.95 (2 H. m, AiCKIHi), 7.03 (2 H, m, AcH). and 8.18 (2 H, m, 

Note: either confound GQuBCS^ or GO-B(X^ can be used in the reaetUm to form . 
20 tiie next generation dendrom. 

♦ I 

18-«»-f!arai-Ph1Pvf2^ 

2-r3VQ^6"-T^f4"-f2'"-ethvniex>doxv^ henvl1caifaa7,o1v1>nbenv!>PVridiP^ 
T«s(dibcn?j^d«neacetone)di-palladium (0) lPda(dba)J (175 mg, 0.191 mmol) andtri- 
25 <w*4Hit3%ho8^hme(10%inhcxane,1.6cn^)wereaddedtoad^a^ 

evaiaiatedandba(^-fi]lBdwifiiars(m)mixtaieof cailMzoly^ g. 6.08 

mmol), 23(3«-bramqpliei^Iteyiidiws, 2-0'-BrPh>Py, M. van der Shns, V. Beverwgk. A 
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Tennaten. F. Bickdhaupt, H. fcooijinan, A. L. Spdc,' OrgfoumetiOtics. 1999, 18, 1402- 
1407; (2.85 g, 122 mmol), sodhnn fert4>wtoxide (1.75 g, 18.2 mmol), and freshly 
distDled toluene (fiom sodium under nitic>gea) (6.0 cm^. The dadcpinple nixtme was 
d^assed a gifa b^xe being heated at leanx (with baOi ten^eratme of 130-135 "Q 
5 under argon fi» 68 h.T1ieinixtace was aUowed to cool and wadiedwi^ 
arf), dried (MgSM)4) and fflteied and flie solvent was reowved. The inixt^ 
by oohmm diroinalogri9*y over siHca using IX3S4-U^ petr^ 
give 4.27 g (96%) of 1 as a Ugjit brovm ydlow oU; m/fe [APOl 729 (M+). 

10 F-Tam ple 3 

2-/a»-C:arG2-Plifh^Pv 

'2-f3'-<'3"-5"-Di{^"'-fi"'-dir4""-f2"'"- 

^vThexvioYvVnhenvllcai ^agnM^phepvlVlienvllpvridme 

Tiis(dibenzyiideneacetone)di-palladium (0) [Pdj(dba)3] (60 mg, 0.066 vamX) and tri- 
15 tert-butyiphosphine (10% in hexaae, 1 .0 cm') were added to a d^assed (Schlenk lin^ 
ev^uated and back-filled with argon) nafacture of caibaTolyl compound 1 (3.55 g, 6.17 
mmol), 2-[3'-(3",5''-dibromophen3d)phenyl]pyridine, DBPPh-Py see below; (1.00 g, 
2.57 mmol), sodium iert-butoxide (988 mg, 10.3 mmol),.and fieshly distilled toluaie 
(fiom soditnn under nitrogen) (15 cm*). The dark purple to brown mixture was degassed 
20. again before bemg heated (with bath ten^jcrature of 80 »C for 17 h) and then at reflux 
(witti bath tenq)6iataire of 130-135 "Q undo: ar^n for 5 days. The reaction was allowed 
to cool to room ten^exatoxe and quenched with 5 cm' of HiO. The mixture was pu^ 
by cohmmduooiatogr^hy over silica usmgDCM-li^ petroleum (0:1 to 1:40) as 
efaient to give 3.22 g (91%) of 2; (Found: C. 84.4; H, 7.8, N, 3.1. C:97H,o7N304 requires C, 
25 84.5; H, 7.8, N. 3.1%); 8h(400 MHz; CDO^ 0 J2-1.07 (24 H. m. Me), 1.32-1.68 (32 H. 
m. CH^. 1.73-1.89 (4 H, m. CEO. 3.96 (8 H. m, AiOCHi). 7.08 (8 H, m. AiH), 7.26-7 33 
(1 H, m, P3ffl)^7.61-8.14 (24 H, m. ArH, CaiH & Pjffl). 8.40 (1 H, m, CaiiO. 8.46 (1 H, 
m, AfflD. and 8.74 (1 H, m, P^; 5^(101 MHz; CDQa) 11.2. 14.2. 23.1. 23.9. 29>l, 
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30.6, 39,4, 70.6, 110.1, 114.9, 118.5, 120.7, 122.5, 123.5, 124^2, 124.4, 125.6, 126.0, 
127.0, 127.7, 128.2. 129.7, 133.8, 134.1, 136.9, 139.8, 139.9, 140.1. 140.4, 144.7, 149.8, 
156.8. and 158.6; mk [MALDI] 1378. 1379. 1380, 1381, 1382 (M*). 
DBRPb-Py was pr ep a red as follows: 
5 SSIbBSffi. 

Ifert-bulj^ Kthium (1.7 M. 36.6 cm', 62.1 mmol) was added to a cold (dty-ice^acetone 
ba£h) solntioo of 2-(3'-BrPli)Py (8.10 g, 34.6 mmol) in 130 cm' of anhydrous THF 
under aa argcm atmoqihere. The mixture was stirred at-78''C&r2hand then 2- 

10 isoiaopwcy^,4A5-te«iameaiyl-13>dioxaborolane (9 cm') was added T2?>idly to the 
coldmsctme. The leaction was stirred at -78 °C for 2 h and the dry-ice/acetone bafli was 
removed. The mixture was dien stirred at roran toi^ecature for forther 20 h before being 
qoencbed with HjO (30 cn^. The two layess were separated. The aqueoiJs layer was 
extracted wi&edia (3x40 cm'). To ihe aqueous layer, NaCHOj,^ (40 cm') was added 

15 and the aqueous liQwr was fhrflier extracted wia ether (2X4000^ Theorgamclayw 
and ihe ettifir exJiacts were cooAined an^ dried over anl^^ 
and the solvenls ronoved. Purification of file crude mixture by cohmm chromatogi^^ 
over silica usmgD(3^-]i^ petroleum (0:1 to 1:30) as ehient gave 4.92 g (50%) of FPfr- 
BOK^ (Found: C. 72.6; H, 7u5; N, 5.0. C^BWKNQi requires C, 72.6; H. 7.2; N, 5.0%); 

20 8h(400 MHz; COaj) 1;37 (12 H. s. Me), 7.23 (1 H. m. PyB^, 7,51 <1 H. m, AtH). 7.76 
(1 H, m. PyH), 7.80 (1 H, m. ArH). 7.87 (1 H. m. PyH), 8.14 (1 H, m. A^. 8.40 (1 H. 
m. ArH), and 8.71 (1 H, m, P^; 5^(101 MHa? CaXa,) 24.9. 83.9. 120.7, 122.0. 128.2. 
129.9. 133.2. 135.3. 136.6, 138.7, 149.6, 154.6, and 157.5; m/fe [APCT] 283 f^OST). 

25 PPfFt-PY 

2-pW3''.S**-l> t-hmi«ophenvnDiienvnpvridlBe 

A mixture of PPh-BOB, (5.15 g, 281 mmol), 1,3,5-tribromobenzene (6.92 g, 315 
mmol), tBtrakis(1iiphen3^ho^ihine) paUadium (0) (846 mg, 0.732 mmol), 2 M 
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NaaCOjjw, (12 arf), EtOH (12 cm') and tohieno (48 rarf) was degassed and flieai heated 
at leflnx (wiAbafe ten5)erature of 105-110 »Q 

allDwedto cooL Water (10 cm') and eflwr (20 cn^) wcae added to Aemixluie. The two 
phases were sepanrted. The aqueous 1^ was ejctractedwi&el^ 

5 organic liQwr and file ettier extracts were combined and dried over aohy^^ 

sulfide and filteced. The solveots were completely removed. The residue was purified by 
column chromatography over sifica using efliyi acetale-U^ petroleum (0:1 to 1-^0) as 
eluent to give 4.70 g (66%) of BBPPb-Py, CPound: C, 52.6; H, 2.5, N, 3.6. Cy^H.^^^ 
requires C, 52.5; H. 2.9, N, 3.6%); Sh(400 MHz; CDO,) 7.29 (1 H, m. PjB), 7.57 (2 H» 

10 m. ArH), 7.67 (1 H, m. ArH), 7.75 (2 H, m, ArH), 7.79 (2 H, m, PyH), 7.99 (1 H. m. 
AriD. 8.19 (1 H, m, ArH). and 8.74 (1 H, m. P^; 8^101 MHz; €350,) 120.7, 122.5. 
123.2. 125.7, 126.9, 127.6. 129.1. 129.4, 132.7. 136.9, 138.9. 140.2. 144.6. 149.8, and 
156.8; OT/fe [m] 386. 388, 390 (MH*). 

15 yfyaiiiple4 
CiirPli-Brr8> 

4-{y.6'-Dir4V2"-eifavlhey vloTv^henvilcaAamlvnphenv1bro^ 
Method 1: 

. Tris(dibenzyUdeneacetone)di-palladium (0) [Pda(dba)3] (125 mg. 0.137 mmol) and tri- 
20 *ert-buJylphosphine (10% in hexane, 0.5 cm') were added to a degassed (ScWenfc line, 
evacuated and bosk-filled with argon) mixture of carbazoljd compound 1 Example 1] 
(3.14 g, 5.45 mmol), 1,4-dibromobenzene (12.3 g, 52.2 mmol), sodium tert-butoxide 
(1.00 g, 10>l mmol), and distilled xylenes (15 cm'). The mixture was degassed again 
befiMe bdng heated (with bafliten«>eratnre of 135 "Q under argon for 115 h. The 
25 tMTrtnm wa« aflowed to cool to ambient temperature and qneodied wifli H^O (0.5 cm?). 
The mixture was purified by cohmm chramatogrq>hy over silica using li^ petroleum as 
elneitf to give 1.46 g (37%) of & (Foond: C, 76.1; H, 7.1. N, 2.1. C^HoBtNOi requires 
C. 75.6; H. 7.2, N, 1.9%); 5^(400 MH2?CD,Cy 054-1.03 (12 H. in. Me). 1.46-1.70 (16 
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H. m. CHa), 1.77-1.89 (2 H, m. CH), 3.97 (4 H, m. AiOCHJ, 7.07 (4 H. m. AiH), 7.47 
(2 H, m. AiH), 7.52 (2 a m» Cadi). 7.64-7.73 (6 a na. Aj^O, 7.79 (2 H, m, CarH), and 
8.41 p H. m. CaiH); Sd(101 MHz; CD^O^ 11.8, 14.7, 23.9. 24.7, 29.9, 31.4, 40.3, 71.4, 
110.7. 115.7. 119.0, 121.4, 124.9, 126.1, 128.8, 129.2, 133.9, 1343, 134.6. 137.6, 140.9. 
5 and 159.5; m/feCMAIDII 730, 731. 732. 733. 734 (MH*^. 

Meaod2: 

IW8(dibeozylideneacetooe)dii)a^^ (0) [PdjCdbaM (25 mg, 0.027 mmol) and tri- 
tert-butylphosphine (10% in hexane, 0.1 cn^ were addedto a dqgassed (Sdilenk line, 

10 evacuated andbadc-filled wifliaigon) mixture of catbazolyl cooqwundl [B3tanq>le 11 
(628 mg, 1-09 mmol), l-btomo-4-iodobenzeaQe (1.54 g, 5.45 mmol). sodium tert- 
butoxide (200 mg, 2.08 mmol), and distffled xylenes (3 cm'). The mixture was degassed 
again before being heated (with bath temperature of 131 «C) under argon for 27 h. The 
resultant was allowed to cool to room temperature and quenched wi^ H2O (0.5 cm'). 

15 The mixture was purified by column chromatograplty over siHca using 1X3^ 

petroleum (0:1 to 1:20) as ehient to give 476 mg (60%) of &as an oil; diaracterization 
dataasabove. 

20 CarFh-BOR, m 

Tert-hatyl lifldum (1.7 M, 3.0 cn^, 5.17 nmiol) wag added to a cold (diy^ice/iacetooe 
bafii) solution of atjA bromide I (2.36 g, 323 mmol) in 22 cn^ of anhydrous THF under 
25 an argon atmosphere. The naxturo was stinod at -78 'Cfbrl hand to 24sqpnq^ 

4,4,5>tetrametto4-l,3,2-diaxaboRdane (132 cn^. 6.46 mmol) was added rapidly to die 
cold mixture. The reaction was stirrBd at -78 "C for2hbefore being removed from fi» 
dry-ice^acetone balfa. The mixture was flMO stined at room teniperatnre ovenngjit (1^ 
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h) before bang qoeaidied -vii&i HjO (3 cm'). One hour late:, 1 0 cm' of ether and 20 cm' 
ofbrine were added to the mistnie. The two layeis were se^^ • 
was exbacted wifli ether (3 x 20 am'). The coganic layw and ttie ether extracts were 
coinbmBd, wadied wi& bone (1 X 40 cn^ and dned over anhj^ns sodi^ 

5 jglteied and die sotveoite were co(mpletefyienioYed.Panfi 

dinimatogrq>fay over sifica using DCM-li^petroleom (0:1 to 1:4) as dnent ganw 1.24 
g (49%) of 2; (Fomid: C. 803; H. 8.3; N, 1.8. Qs^H^^BNO* requites C, 803; H, 83; N, 
1.8%)5h(400 MH^ CDO^ 0.95-1.03 a2 H, m. Me), 1.33-1.66 (28 H, m. CHj & Me), 
1.76^1.87 a H, m. CH). 3.95 (4 H, in. AiOCiQ. 7.07 (4 H, m, AiS), 7JSZ ^ H, m, 

10 Cad!), 7.62-7.71 (8 H,in.ArH&CaiH), 8.12 (2 H,m.A3dH), and 8.38 (2H,m.CaiH), 
5c(101 MHz; CDO^ MX 14^ 23.1, 23.9, 24.9, 29.1, 30.^ 39.4, 84.1, 110.2, 114.9, 
1183, 124.2, 125.4. 125.8, 128.2, 133.5, 134Ji, 136.4, 140.1. 140.4. and 1583; 
JMAIDl] 777, 778, 779, 780, 781 

15 iri«mplfefi 
CarPh-Car 

?, <w1if4'-{3^6"-difA"U2""-efevlh eyvloxv^henv11caAam1v1>phenvl^^ 

A mixture of 3,6-dihromocaibazole (196 mg. 0.604 mmol), 2 (108 g, 139 mmol), 

tetrakis(tripheny^phosphine) palladium (0) (35 mg, 0.030 mmol), 2 M NaaCOsf^ (0.8 

20 cm'), EtOH (0.8 cm') and toluene (2.0 cm') was degassed and diaa heated at reflux (wifli 
bafli taiq>erature of 112 under argon for 37 h. The resultant orange mixture was 
allowed to cool to room tenq)CTature and purified by column chromatography over silica 
using DCM-U^ petroleum (0:1 to 1:10) as eluent to ^ve 571 mg (65%) of lib 8h(400 
MHz; axn,) 0.92-1.06 (24 H. m. Me), 134-1.67 (32 H. m. CBy, 1.76-1.88 (4 H, m. 

25 CH), 3.94 (8 H, m. AiOCHi), 7.06 (8 H. m. Ar^>, 732-7.61 (6 H, m, CacH & ArH), 
7.64-7.76 (16 H. m. AsB. & CaiH), 7.82 (2 H, m, CaiH). 7.98 (4 H, m, CaiH), 8.15 (1 a 
br 8, NH), 8.39 (4 H, in, CarH), and 8.52 (1 H, m, CarH); 8c(101 MHz; CDCI3) 11.2, 
14.2, 23.1, 23.9, 29.1, 30.6, 393, 70.6, 110.2, 1113, 114.9. 118.3. 118.9, 124.1, 1253, 
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125.6, 127.1, 128.2, 128.6, 132.2, 133.4* 1343, 136.2, 139.6. 140.4, 141.0, and 158.6; 
mfe [MALDl] 1467, 1468, 1469, 1470, 1471 (MH*). 

F.T^mpte 7 
5 2^3'-C«rHi G3-PiiPh1Pv (lt\ 

2^y-l3"-S"-dir3" .6"'-dir4""-Q""'.6"'"^4"*"-r2"'""- 

ethviheKvldxvV hmvl^ciaAiimM^iAg^^^ • 
Tns(dibeDzy]ideaeacetoae)di-pan^^ (0) \P^(3toa)^ (2JZ mg, 0.002 mmol) and td- 
tert-but^hosphizte (10% in hexan^ 0.05 cm') were added to a d^aased (Schlenk line, 

10 evacuated and back-£Qled wifh argon) mixtoie of caibazolyl conqioimd 10 (339 mg, 
0.231 mmol), 2-[3'-(3,5-dib!romophen)d)phenyi]pyridine DBPPh-Pv^ (37.5 mg, 0.096 
mmol), sodium /ert-butoxide (37 mg. P.385 mmoQ, and distilled T^yiesies (0.9 cm^. The 
mixture, was degassed again before being heated (with bath tenq>eratare of 121 "€) unda 
argon for 3 days. The mixture was allowed to cool to room toaq)erature and quenched 

15 twtih H2O (0.2 cm'). The mixture was purified by column chromatogtjphy ov«r silica 
using DCM-li^ petroleum (0:1 to 1:20) as ehient to give 45 mg (15%) of IJU 5^200 . 
MHz; CDCla) 0.88-1.06 (48 H, m. Me), 1.25-1.64 (64 H, m, CH^), 1.66-1.90 (8 H, m, 
. CH), 3.89 (16 H, m. AxOCB^ 7.03 (16 H, m, AiH), 7.20-736 (1 H, m. ?yB), 7.48-8.13 
(60 H, m, CariH, Aaffl & PyH). 8.14-8.64 (17 H, m. ArH & CaiH). and 8.75 (1 H, m, 

20 P3«0;w^l>«AU>l] 3160, 3161, 3162, 31«, 3164, 3165 

2-r3V;^M:!aifaay/>lvrhihenvnnviidnie 
25 Tn8(dibenzyiideneacetoD0)di-pa]ladh]m (0) [Pd3(dba)J (60 mg, 0.066 mmol) and Iri- 
tert-but^hosphine (10% in heocane, 03 cnf) were added to a degassed (SfMenlr tine, 
evacuated and badc-fiOed vnOi argon) mixtare of catbazole (131 g, 7.82 nmoQ, 2-(3'- 
bn»no^hen3d)pyxidine C2-(3*-BrP]i)Py) (610 mg, 2.61 nunol), sodhim tertAnOoiddB 
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(1.00 g, 10.4 mmol), and distilled tolueae (15 cm^). The mixtaie was degassed again 
befim being healed (wi&baihteaqiecatore of 135 ""Q trnd^ argon for U8 h. The 
mixtme was allowed to coolto ambient ten^peratute azidquendi^ (0.5 cm^). 

The nuxtuie was purified by cohmm ctoomatography over silica using DCM-light 
5 petroleum (0:1 to 1:30) and Ihen ethyl acetate-U^ petroleum (1 :20) as ehient to give 
835 mg (100%) of 12; 8h(200 MEiz; CDCl^ 7^1-7.92 (11 H, m, IPyH^ CaiH & AtEi), 
8,12-8.33 (4 H, m, PyH, CarH & ArH), and 8.75 (1 H, m, PyH); m/z [APCt] 321, 322, 
323 (MH+). [ 

10 fjmmv^p9 

2->r3'-f3"-6"-l>i-hromocarbazoM>ph»vlTPVn 

A solution of NBS (547 mg» 3.08 mmol) in 27 cm^ of dried (over molecular sieves) 
DMF was added drqpwise (ov^ ^^20 min) to a cold (ice-bafh) solution of 

15 carbazoly^henylpyridine 12 (465 m& 1.45 mmoQ in 41 ox^ of anhydrous DMF undo: 
axgon. The mixtuxe was stined at 0-2 for 3 .5 h and then ambient temperature for 42 h. 
The erode (brown mixture) was poured into 50 cm^ of water and ext^^ 
X 1 (X) cm^). The ether extracts were combined, washed wilix brine (1 x 1 00 cm^) and 
dried (N2^S0j^, filtered and the solvents were removed to leave a brown solid. The crude 

20 residue was washed witii light petroleum (3 x 100 cm^). The solid was collected and 
dried under reduced pressure to give 540 mg (70%) of 13; 5^(200 MHz; CDCl^ LIZ- 
LAO (3 H, m, PyH & CarH), 7.42-7.60 (3 H, m. ArH & CarH), 7.62-7.78 (3 H, m, PyH 
, & ArH), 8.09-8.28 (4 H, m, Pj^J, C:arH & AiH), and 8.72 (1 H, m, PyH); m/z [APCT] . 
477, 479, 481 (MH^. 
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2-fy-f3".'"-di«" 'g"-nir4-"^2-'- 

5 Tri8(dibenzj1idBneacetone)di-iial]adiim {PdjCdba),] (12 nog, 0.013 xmnoO and lii- 
/erf-biity%)tio^ihi]ie (10% in li0xaii|B, 0.2 cnf) were added to a degassed (ScMenk lin^ 
evacaated and hadk-SBsd wilb acggn) mbctuie of 2-[3'-^''-6"-di- 
lmiiiiocai1>azo^«)plieiQ^^^ m& 0.586 mmaS), DEHP-Carl.(Ejtan5)le 1) 

(800 mg, 139 mmoQ. sodium tert-bataaddc (200 mg, 2.08 nimoI>, and distilled xj^lenes 

10 (3W).Theiiri3dxireWasd«|gassedagrinb^ 

133 ®QimdcrargDiifi»onewedcTheimxtDrey«Banowedtocooltoro^ 
tenq>erature and quenched with HjO (0.5 ran*). The crude was purified l>y column 
chromatography over silica using DCM-li^t petroleum (0:1 to 1:10) as duent to give 
« 173 mg (»20%) of 14; 8h(200 MHz; CDCI3) 0.82-1.05 (24 H, m. Me), 1.24-1.64 (32 H, 

15 m. CHj). 1.66-1.89 (4 H, m. CH), 3.92 (8 H, m, AiOCH^). 7.03 (8 H. m, ArH), 7.28-7.93 
(26 H. m. PyH. CatH & ArH), 8.18-8.47 (7 H, m. AiH, Pj« & CarH), and 8.78 (1 H, m. 
l?yH^ m/z [MALDI] 1468. 1469, 1470. 1471. 1472 (MH+). 

iridium AID 

A mixtBre of flie 2-C3*-Car Gl-ni)Py aExairple 2] (3.25 g, 4.46 3nmolX indium 
• dbloridelri-hydiate (314 mg, 0.892 mmoO,1HaO (7.0 cn^ and 2-eaioxye^^ 
25 was healed (baihtenq)enttai« 127 ''Q under aigoafixr 40 h.l1ie resold 
inixtme was allowed to cool to andiient tox^erature to pre^^ 
fiUtate was separated and the 2-eCb(ayeihaml removed under lughvacunin> The 
residue was ;^irified hy cohmm dBomatograpiiy over solica wiOi DCM-li^ petroleum 
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(1:30 to 0:1) as ehioot to give 244 mg of the excess Ugand 1 and 110 mg of the desired 
dichlcro^nii^ed dinm 4- The oaaags solid was ptirifiedby cohmm dnomatogr^hy 
over silica with DCM-fi^pettolenni (0:1 to 1:0) as elumtto give 1.02 gof 4- This 
was combmed with fl»e other ftactioa of 4 to give 1.13 g (75%); 0.86-1.01 (48 H, m, 

5 Me), 1.28-1.63 (64 H. m. CH,), 1.71-1.87 (8 H. m. CH), 3.92 (16 H. m. AiOCH;^, 637 
(4 H. m. ArEO, 6-99-7.09 (24H, m, ArH APyH), 737 (8 H.m, CaiH), 7.54 (8 H, m. 
CaiH), 7.63 (16 H, m, ArH), 7.78-7.87 (8 H, na. Pjfi & CaiH), 7.91 (4 H. m, PjS). 835 
(8 H, m, CarH). and 9.48 (4 H. m. VyS); B^lOl MHz; CaXHg) 11.2, 14.1, 23.1, 23.9, 
29.1. 30.6. 39.4, 70.6, 110.0, 114.8, 118.2, 119.1. 122.4, 123.2, 123.7, 125.2. 128.2, 

10 131.9, 132.1, 133.0, 134.3, 137.1, 140.7, 1443, 145.4, 151.9. 158.4, and 167.8; m/k 

■ A mixtuie of the above obtamed izidinm canoplfflc 4 (910 mg. 0.540 napoT) and 2-{3'- 
Car Gl-Ph)Py 1 (1.66 g. 2.28 mmol) and alver trifhwrom^uaiesuIfiMUrte (277 mg. 
1.08 mmol) was heated (baflitfflQqwcatare: 145 "»C)for6J diqwunderaii^The 

15 reaction was fhm allowed to cool to iDOTitenqjeralMre. The da* brown 

purified by column dnomatogr^hy over nliea wi&DCM-lifi^t petrolemn (0:1 to 1:4) as 
ehient to give 631 mg (49%) & TGA^s^^ 420 "C; KJam (thm fihn) 265 and 297; 5h(400 
MHz; CDjCy 0.92-1.04 (36 H, m. Me),'l33-1.67 (48 H, m, CB.^, 1.78-1.87 (6 H, m, 
CH), 3.94 (12 H, m, ArOCHa), 7.03 (4 H, m. AiH), 7.1 1 (1 H, m. PyH), 7.26 (1 H, m, 

20 AiH) 7.42 (I H, m, AiH), 7,46-7.75 (9 H, in, CarH. ArH & PyH), 7.80 (1 H. m. PyH). 
7.92 (1 H, m. PyH), 7.97 (1 H, m, ArH) and 8.41 (1 H, m, Pjfi); m/z [MALDI] 2374, 
2375, 2376, 2377, 2378, 2379, 2380 (MB^. Moreover, 1.45 g of Ugjit yellow brown oil 
\ras isolated as fbe excess ligaod 1. 

25 Erample 12 

^l-fy-Car G2-Ph>Pvl Jr f7> 
fr^^t»«(?,-nV3".5"-di(3"'.6"'-dir4""-f2""- 
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A inixtuie of 2-p*-Car G2-Ph)?y 1 (734 m& 0.532 mmoQ, ii^^ 

(38 mg, 0.106 nunol), E^O (13 an') and 2-butoxyefhanDl (jSS can^ was heated (bafli 

taoqMxatnce: 140 *^ under acgcm fiaf 3 days befi^ 

fOlesed off and wadbed wi& 95% of EtOH (~10 co^). The'^^ 
5 dissolved into 5 CD^ofDCMaDd purified!^ collie 

DCM-Iij^petiDleam(0:l to 1:4) as duentto pve 9SJ.mg{27 %) of ateownyeUow 
solid as flie dicbloio-biidged dhnor £ mAe [MAUDII 2949 (bcoad) (C,»^B^uMf^(VCli>. 
Moreover, a ligbt yellow-biown solid was isolated (589 mg, 80%) as die excess ligand 2. 
A nuxttne of the above obtained indium con^lex (80 mg^ o!27 mmol) and Hie retried 

10 2-<3M:^ Cx2-Fh)Py 1 (589 mg, 0.427 mmol) and silver trifluoromethanesulfonate (15 
nig, 0.058 inmol) was heated (ba& temperature: 160 *C) fiar 5.5 djQ« under argon. The 
reaction was fh^aUowed to cool to ro<»n temperature. The mixture was dissolved ii^ 
10 cm' of DCM and purified by column cibiomatogRiphy ov« silica with DCM-li^ 
petroleum (0:1 to 1:0) as eluent to give 78 mg (67%) of soUd as 2i KJiaa (ttiin fihn) 

15 261 and 298; 5h(50P MHz; CIX:i3) 0.89-1.00 (72 H.m. Me), 130-1.60 (96 H, in. Ola), 
1.72-1.84 (12 H, m, CH). 3.90 (24 H, m, ArOCH,), 6^2-7.03 (30 H, m, AtH & VyB), 
7.17 (3 H, m, PArH) 7.37 (3 H, m, PjS), 7.59-7.69 (51 H, m, ArH & CaiH), 7.77 (3 H, 
m. ArH), 8.10-8.07 (12 H, m, AiED, and8.34 (4 H. m, Caifl); m/z jMALDI] 4327 
(tnoad) (MHO> Excess li^mdl was isolated as a li^yeUow-hrown solid (380mg) 

20 

2-f4'-Car Gl-Wi^Pv 

a-r4,^f^^fi"-rar4"-f2'^ -ethvTheg^oxvVhgiivl1caTfafl7»1vnoherivrto^ 
Tti8(dibenz^ideneaceloii0)di-pa]ladium (0) ^d^dbaii] (1 14 mg, 0.124 mmol) and td- 
25 <erY-butj^ho^ime (10% in hexane, 0.7 cn^ were added to a degassed (Schlenk line, 
evacuated and badc-fiOed wifli argon) mixtore of DEHP-Car 1 [Exan^k 1] (3.27 g; 5.68 
nuuol), 2-(4'-4nomopbei^0pyndine 2(4*-Bi^)Py (2.66 g, 11.4 mmol) M. A. Outienez, 
O. R. Newkome, T. Sdlmi, J. OrganomeL Chem^ 1980. 202, 341-350, sodhon tert- 
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butoxide (1.64 g, 17.1 nunol), and distilled tolueae (from sodium imder nitrogea) (6.0 
oxf). The dadc pmple mixtiHc was dossed again before being heated zt lefhix (with 
bafli ten^eratme of 90 fiir 48 h and thea 140 for anther 3 days under argon. The 
xnixtuze was allowed to qool and washed with HjO (1 x 15 cm^X O^gSO^), filtered 
5 and flie solvent removed. The mixture was purified by cotomn diromatogrsphy over 
silica usfaig DCM-Ught petroleum (1 :0 to 1:10) as eluent to give 2*87 g (69%) of 21 as 
li^ brown yellow oifc [APCT] 729 (NT^- 

10 »r-fr<p(Z2) 

A mixture of 2,5-di4>romqpyridine (4.43 g, 18.7 mmol), thianaphthcne-2-baronic acid 
(4.00 g, 22.5 mmol), tetcakis(tiiphm3aphoq>hine) palladium (0) (886 mg,.0.749 mmol), . 
2 M NajCOsf^^ (18 cm^, EtOH (18 cm^ and toluene (50 cm^) was degassed and heated 
15 atr^hix (with batib temperature of m^'Q under argo^ The mixture was 

allowedtocooL The reaction precipitate mixture was filtoped off and the 
washed with light petrolmm. The solid was dried under vacuum to give 4.53 g (83%) of 
22. . 

20 Ciiirgl-jitp(23> 

Tris(dibeazylideneacetotte)di-palladium (0) [Pd2(dba)J (50 m& 0.055 mmol) and tri- ^ 
terr-buty]^hosphine (10% in hexane» 0.8 cm^) were added to a degassed (Schlenk line, 
evacuated and back-filled witib argon) mixture of DEHP-Car (1) (1 .90 & 3.30 mmol), 
25 Br-btp 02) (3(K) mg, 1.03 mmol), sodmm /er^butoxide (348 mg, 3.62 mmol), and 
distilled tohime (fix>m sodium under nitrogen) (2.0 cm^). The mixture, was degassed 
again before being heated at reflux (with bafii tenq>erature of 1 12 ''Q for 7.5 days under 
argon. The mixture was allowed to cool and 30 cm^ of DCM was added. H2O (0.5 crn^ 
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\ras added to HiBinixtme. Themiztiirewasttieaconceiilxatedtoabo^ 
pnrified by colnmn dmanatogcapiiy over silica uskig DCM-light pettoleum (1 :40 to 
1:20) as eihient to ^ve 156 mg (19%) of 22; 5^200 MH^ CX>CI^ 0.S3-1.08 (12 m. 
Me). 1^-1.63 (16 H, m, CEQ, 1.70-1.89 (2 H, m. CH), 3.93 (4 H, m. ArOCH,), 7.05 (4 
5 H, m. AiH), 738-7.52 (4 H. m. Affl & CaiH). 7.54-7.72 (6 H, m, AdJ), 7.81-8.03 (5 H. 
in. Caifl, ArH & PyHX 8.37 ^ H, m, (>iH). and 8.94 (1 H, m, PyH^ 

Example 15. 
10 .>«r[2-(4'-CarGl-Ph)Pyl3lr(25) 

Poc tris[2-(4'-{3"^''-di[4''M2*''*-«<hymei7loi7)pheByqcart>azofyl}pheii3^^ 

itidimnCai) 

A mixture of 2-(4'-Car Gl-Mi)Py 21 (2.57 g, 3.53 mmol), iridium chloride tri-hydrate . 
(560 m& 1.59 mmol), H2O (5 cm') and 2-btttoxyedianol (30 cm') was heated (bath 

15 tMwpendiiTe; 125-141 '»Q mider argon for 48 h. The lesiiltapt orange mixture Was 
allowed to cool to ainbi«it tCToperature to precipitate the orange solid. The solid was 
fOteited and washed with 95% of EtOH. Further purification of the residue by column 
dnomatogcqd^ over silica with DCM-tis^t petroleum (0:1 to 1:0) as elu^ ^ve the 
dichloro-faridged dimer2^ 8H(400MHi- CDd^ 0.93-1.01 (48 H. m. Me), 1.32-1.64 (64 

20 H, m. CBQ, 1.73-1.88 (8 H,m. CB). 3.93 (16 H, m. AiOCHj). 6.28 (4 H. m, AtH). 7.75 
(4 H, m, VyH)» 7.01 (16 H, m. AiB^. 7.12 (4 H. m, A^ 733 (8 H, m, QaH). 7.51 (« H. 
m, Caffl), 7.58-7.70 (20 H, m, AS), 7.74 (4 H. m. VyB), 7.90 (4 H, m. Pj^E). 8-25 (8 H. 
m. CaiB). and 9.49 (4 H. xn. PjiS); Sc(101 MHz; CDO^ 11.2, 14.1, 23.1. 23.9, 29.1, 
30.6, 39.4. 70.6, 110.7. 114.^ 117.9. 119.1. 119.2, 124.0. 125.0. 127.7, 128.1, 133.1, 

25 1343, 137.0. 137.8. 139.6. 142.6. 1463, 1513, 158.5. and 167.5; 
Uang amdliod andlarto ftat described inEaoonple 11, Am dicU 
can flim be used to fbm llie dendijz^ 
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The table shows tbe p erfoxmance of devices made with two types of dendnmer 
accardiag to the coneiit inveudon (coo^imds 5 and 7) and a comparative exanq>]e 
for a device made wilh an IrHx»»ddaid^ have N atoms as part 

of units in ftie deodrons. 
5 fr^is>&c tris{2-[3M3'%5*'-4i{3"%5"'Kli[4""-^ 

eth)1hexyloxy)phen3^Qpiien^ 

niei)od]pyridiQe}iiidiimi CDDD ]2>G1 is^Zicttis 

[2-(3'-{3"^'*-4i[4"*-(2**"-rtiqdte3Qd OD) 
which is a first generation dendximer. ^nie synthesis of these dendximeis is given in ^ 

10 per ^Ucationclaiidng priority ftomGBOlM^ 

As can be seen fiom tibe table the cSSsdeocy of a device ccnxtaining a neat layer of the 
second g^eration dendrhner 7 is greater^than that of a device containing a neat layer of 
the fu:st generation dendrimer 5. Both ofihe devices based on the new dendrimers show 
better efficiCTcy than the conq>aradv6 example. Althou^ not shown a device widi a 

15 neat layer of fr-Gl lias a Iowct efi&ciency than a device with a neat layer of lr-G2. These 
results clearly show that It dendruners that have dendrons containiiig caibazole units 
offer marked benefits over the previously known Jr dendrimers. 
Photolumineseent quantum yield (PIX^Y) of Gbreen Jr-Dendrimers in Neat Fihns 



20 



Doadriinar 


HLOY% 




22 




31 


JxJCaAQlS 


48 




35 



25 These fifan PLQYs were measured in an uxt^;rating sphere following excitation at 
325nm. The PLQYs are tdg^ for both the carbazole-type dendrimer films than the 
non-carbazole-^e iridium dendrimer films, with the most maiked increase (22% to 
48%) shown by tito first gffoeration dendrimejrs. . 
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• » 

CcmqMHmd 5 undergoes a iiiimber<rfdieQ^^ 

xevorsible oxidations in diy inert conditions, wlmeas under tiie same conditions bofli^ 
tris(2^heny^>yridine) iridium (III) and tiw demdrima Ir-Ol each only undeigo one 
chemically leveiable electrochemically qnasiHcevecsible oxidation. However the 
5 redactionbcihaviourofSisveiyaniilar tothebdiaviouroftiienoo^ 
genoation iridium dcaidrimer &-61. 

01- lr-Caiba^le (5) of Example 1 1 and GZ^IrCaitazole C7) of Example 12 were used in 
10 smgle-layCT OLBD devices. They were obtained fixan a ISmg/M solution in diloiofomi 

and spin coated at 2000ipm fiu: 60 seccmds to provide tiie sttoctnie 
rrO/Dendiimej/Ca/AL The thickness of tiie layer of con^und 5 was about 45 nm and 
that of con^und 7 about 65nm. The Cffi cooidiDates obtamed are x =• 0.340, y = 0.610 
for Gl-lr-caibazole (5) and x » 0.332, y= 0.628 fiw G2-Ir-Carbazole (7). 
15 ■ 

Jg^^fflMiple 18 

2- (3'-G2DPA-Ph)Py (31) 

2-{3H3^5"-I)i(diphen3da^lino)pheayl]phenyi}pyridine 

Tris(dibenzyfideneacetone)di-palladium (0)XPd2(dba)3] (135 mg, 0.148 mmol) and tri- 
20 /eit-butylplMJsphine (10% in hexane, 3 cm?) wrae added to a d(»xygenated (Schlehk line, 
evacuated and back-filled with argon) mjxtore of dq>henylamine (1.40 g, 8J27 mmol), 2- 
[3'-(3",5"-dihK>mophenyl)pheiiyl]pyridine DltPPh-Pv (1.15 g, 2.96 mnjol), sodium tert- 
bntoxide (1.14 g, 14.8 mmol), and anhydrous toluene (32 an'). The mixture was 
deoaygeiuited again before bong heated at xefhix (with bath tenq>er^^ 
25 under argon for 20 h. The inixture was allowed to cool and quenched wi&H20(l<m^ 
Th«? ni'^w* was concentrated to about 2 (an? and purified by cohmm cfaiomatogiqphy 
over silica gei uangNBis-DCM-lii^pebnleum (0K):1 to 0.001:1:4) as dnemt to give 
1.61 g (96%) of 21 as a brawn solid; W°m (tinn fihn) 301; d^200 MHz; a)C^ 
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[APCari 565 (M+K 

5 I2-(3'-GaDPA-PliJPylaIr(33) 

Foe tn^2-{Z''\y'^''-^l&idil^^ iridium (DI) 

A mixture of flie ligand 2-(3'-G2DPA-Pli)Py 21 (300 nag. 0.530 xmaoT), iridiiim diloride 
tri-hydrate (75 mg, 0.212 mmol), HjO (4 an?) and 2-1rai0xyediaiiol (12 cm^ was heated 
(badi tenq>eiature: 125 *C) under argon for 17 h befisro being cooled'Etfaanol (90%, 10 

10 cm'), was added to the mixture. llieprecii»tate was ffltemi off and 

(~ 50 cm'). The sofid was purified by a silica gel column using DCM-li^ petroleum (1:10 
to 1:4) as eluent to give Ihe dJoro-bridged dimer 22 (141 mg) as a yeUow soUd; 6^200 
MHz; CDGI3) 5.83 (4 H, m, AxS), 6^0^7.85 (1 12 H, m, PjS & AxSi), and 9.15 (4 H, m, 
P3^yf»fe [MALDII 1320. 1321. 1322, 1323, 1324, 1325, (C,jH«frNj+)» 1356. 1357, 1358, 

15 1359. 1360 (Cya«CIMWs).. 

A mixture of Ibe chloro-hridgBd dimer 22 (141 mg), 2-{3'-[3",5"- 
di(diphexQdamino)pl]eaygplieo3d}pyridi^ ^5 mg, 0.417 mmol). and silver 
tiifluonmieaanesulfimate (53 mg. OJ208 mmol) was heated (balh tempetaluie: 156-160 
"Q '&r 6.5 dii^ under aiggiL The reaction was allowed to cool ton 

20 mixture was dissolved in ~3Gn^ofIXIKl and ffuiified on siHca gel ootuD^ 

li^t petroleum (1}10 to 1:5) as elneot to give 86 mg (44%) of 22 as ayellow solid; 
l^nm (thin fihn) 303; 6^200 MH^ CDtO^ 6.60-6.78 (9 H, AiH & Pj/^, 6.83-7.28 
(69 H, m, AiH, & PyH), 7.45-7.66 (9 H, m, AiH, & PjH). and 7.83 (3 H. m. P^; mAe 
CMALDIl 1885, 1886, 1887, 1888. 1889. 1890 (Nl^). 

25 

Single-layer OIJED devices were inadc wia 

Bxainple 1 6» except that at Oqp 5 the oxygm plasma tceatoieat was for 4 miniites at 70 W. 



wo 03/079736 PCT/GB03/01132 

-34- 

The coiM»ntration of fl» solution for ^-coating wa^ 
spun at 1800 ipm fiw 60 sec: The device structure was 
irO / 33 / Ca (20 nm) / Al (60 nm). 

The device passed axelatively large cuirent (see figure 8) showing fbo ^teodrimer has good 
S cbacgetransi>ortingin»perties,1njtin1hisai^ 

infi^tA^ leading to ardativdy low effidency of 0.01 cd/A at 100 cd/m? and 10^ V. The 
CEB cooniinates of tihe emissioa are X-03SS, y-0.586. 

10 Bi-XayerOLTOdeviceswereioadewiftaHghteottttirglffy^ 

an evaporated electron transporting layer of 2y^''/-(l^>phen3dene)tri8[l-phfiifld-lH- 
benzimidazolyi) (TPBI). The devices were fibricatedfbUowing the meflwddescribSed in 
exanq>le 16, «ccqjt that the oxygen plasma treatment was for 4 min at 70 watts, and there 
was the additional step of vacirum dqfwsiting a layer of TPBI ptiOT to d^>osition of die 

15 cafliode layers. The concentration ofthe solutions bfU^temittmg material was 10 xngM 
in CHClj and the spin speed was 2300 rpm for 60 sec. The structures of the two types of 
devices ate shown below in which 33 was used as a neat layer, and 33 was blended with 
4.4'-NJjr-dioarbazole-biphfiaiyl (CEP), respectively. 

20 rrO/33/TPBl/LiF/Ca/Al 

irO/33:CBP (20:80 weigjit %yrPBIZLiF/Ca/Al 

CaE co-<ndinates fx die neat device were x - 0.342, y » 0.614, and for the CBP blend 
device were X - 0348, y» 0.608. 

25 

Tbepeake£5deocywas0.4cd/Aat6Vand~1000cdAa[^fordiBiieatbi-l^ The 
peak effidency was 9 cd/A at 7.9 V and ~7000 cdAn? for die 33:CBP blended bi-layer 
device. Ndther of diese device strucbses had been optinused for effideiK^^ 



wo 03/079736 



PCT/GB03/01132 



-35- 

At a^venvolti^ fliete is a higjher cinreii passing ftiou^the device iiii!<*ich 33 is aneat 
material, then in the device in whidi 33 is ble^ 
tranqiorting pxoperties of 33. 



5 



wo 03^079736 



PCT/GB03/01132 



-36- 

1 . A li^t emittmg device wbkli comprises at least one layer that contains a 
phosphoKesceDt organometalHc dendrimer wilb a metal cation and two or more coordinaling 

5 groiqis as part ofits core and wheiwn at least two of said 

d«dion attached, at least one of wiiicb deDdrons comprises at least one nitrogen atom 
which fiimis part of an aromatic ring system or is dixecfly bcmded to at least two aromatic 

2. Adevice accoidiog to claim 1 ^wherein the dendrimeris in the li^ emitting 

10 layer^ 

3. A device accoacding to claim 1 2 wherein the d^idrimo: is the light 
oodttingmateciaL 

4. A device according to any one of claims 1 to 3 wherein the dendrimer is 

pho^horescentin the solid state. 
X5 5. Adeviceaccordingtoanyoneoftheparecedingclaimswhecemt^ 

has at least one inherently at least partly coigngated dendron. 

6. Adeviceaccordi]%toclaim5wfaerrinthed»drimerhasatleast2in^ 

at least partly conjugated dndxons. 

7. Adeviceaoconiiiigtoclaim6wherdnaUthedeDdnmsaieinhe^ 

20 partly conjugated. 

8. A device according to any one of the preceding claims wherem ttie 
deridrimer is used as a homogmeous layer. 

9. A device according to any one of claims 1 to 7 wfaei^ the dendximer is 
Mended wifli one or more other dendrimers and/or polymers and/or molecidar materials. 

25 10. A device according to claim 9 whciCTi the molar ratio of 

dendrimer to'other'conq>onent(s) is froni 1.0001:1 to 100:0.001. 

11. A device according to claim 9 wherein the molar ratio of organmnetallic 
deauhimer to odier component(s) is j&om 1:1 to 1:100. 
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12. A device according to any oiie of the prec^^ 
dendnmconqpdsc^ at least one nitro lingsystem. 

13. A(feTLceacoG0cd]ngtoclaiml2wIieranatleast^ 
least one n i troggn atom wfaicfa fonns part of an aromatic lingsysteni. 

.5 14. A device according to any <»ie of 1ii6i»recedingcl^^ 

dendtonccmqirises at least one nitrog» atom iKduc xing. 

15. A device according to any one of tbe incceding claims wheiein all flie 
nitrogen atoms in the d^idion are part of caibazole groiqis. 

16. A device according to any one of the piecediog claims herein the dendrimer 
10 comprises 3 to 21 caibs^le imits. 

17. A device according to anyone of claims 1 to 1 1 wherein at least one dendion 
coirqprises at least one mtrogen atom wMch is directify^ ax^ or heteroaiyl 

groiq>s. ^ 

18. A device according to any one of thepreceding claims wh^:ein the dendtimer 
1 5 conqxrises at least one mtrogen atom as ifefined in ckdm 14 and at least one nitrogen atom 

as defined in claim 17. 

19. A device according to any one of the jn^ceding claims wherem Itie 
organometalUc dendrimer has liie Ibimnk (^^ 

20 CX>IUB-PEMDRON]. (9 

in v^uch CQKBrqoesents a grovp containing ametal caticm, nrqnesents anintegerof 2 
ormore^ eacb DENDRONSy ^ch may be the same or different, represents a dradritic 
- molecular structure conqoising at least (me n^ 
25 aromatic ring system or is direc%attacl)od to 

or more coordinating groups have dififoaitDENDRQbb attadhed, CORE tennmating in 
the sins^e bond to Ibe first mtrogm atom or aromati 

dendritic dudn is attadied, said nitrc^gn atom or ring Ibnning part of said DENDRON. 
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20. A device accoxdiDg to claim 19 wber^ 

bond to a fixstzdttogea atomi^vfaidi ftmos part of an aromatic liog system to which more 
than one dendritic dbam is attached. 

21. A device accOTdmg to claim 19 whenaa COKE terminares in a smgLe 
5 boodto afizst nilxogen atom to which two dendritic chains are attached. 

22. Adeviceaccoidingtoai]yOTeofclaimsl9to21 wher^ 

said DENDRON conqprises an aromatic in conjugation with a said nitrogen aton 
or a nita>gen-<:ontaining aixmiatic riii^ systemu 

23. A device according to any one of claims 19 to 22 wheieinfte said 

0 single bond is attached to a caibasxile groisp to which more than one dendritic chun is 
attached. 

24. AdeviceaccQidingto anyone of claims 19 to 22 wherein tiie said 
single hand is attached to an aryi group to whidi one €»: more carbazole gcoxsps are 
attached. 

5 25. A device according to any one of claims 19 to 24 wherabi the 

aromatic group is aphenyi g^xsp or aheteroaiyl group. 

26. A device according to any one of claims 1 to 18 wherein the 

oiganometallic dendximer has the formula Q:* 

iO CORBr[DENDRON]„ (I) 

in which CORE represents a groiq) containing a metal cation, n represents an integer of 
2 or more, each DENDRON, ^ch may be the same or different, represents a dendritic 
molecular structure conqirising at least one nitrogen atom which forms part of an 
J5 aromatic ring system or is direcfly attached to at least two aromatic groxqjs, such that two 
or more coordinath^ groiq)s have different DENDRONs attached, CORE tecminating in 
the siixgle bond to tiie first sp^ hybridised carbcm atom to wfaicSi more than one dendritic 
chain is attached. 
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27. A device accoxding to any (»ie of &e pxeceding claixns wherein tiie links 
between bianidiing gcot^ la Ibe de^ 

28. A device according to any one of the pxeceding claims iMribeiem^ 
dganomrtalEc den<Hmer canvases at least one co-ordinating groiq> vt^ch does not 

5 have a deadton attached, 

29. A device according to any one of Ihe preceding clauns 'wfaerrai Ihe 
CORE is rqnesentedby jEbrniula (D):* 

M[X-],Y, (D) 

10 . 

where M is a metal ion, each pC-], which are the same or dtBToent, is a coordmating 
groiip X attached to a smgle bond in which CORE tOTninates, each Y, whidimay be the 
same or different, is a coordroating groijp, q is an integer of 2 ^ 
integer, the sum of (a.q) + (bx) being equal to the number of coordination sites available 
15 <MaM, wherein a is the number of coordination sites on [X-] andb is the number of 
cooidinad<m sites on Y. 

30. A device according to any one of the preceding claims wherein &e 
metal cation is a second or third row transition metal. 

31. AdeviceaccordingtoanyoneoftheprecedingclaimswheteinA^ 

20 cation is iridium. 

32. A device according to claim 31 wherein the core composes an iddium 

cation and an aryl*pyridine or a hetero arjd-fyytid^ 

33. A device according to claim 32 wherdn the core comprises an iridium 
cation and a phat^yyxiduie. 

25 34. A device accoxding to any one of claims 1 to 30 wherein the n^ 

IS xhcannm. 

35.. A device according to any one of tiiBpreced]Xigdaims,wherem 
loast one surfiice groi]^ is attadied to the distal end of the d^ 
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36. A device accoidii^ to claim 35 wlierdnfiie sur&ce groiip is sachas to 

allow soluticii inocessii]^ 

37. Adevice acco]:d]ng to claioi 35, wfaeredn at least one sm&ce groi:^ is 
selected fixm a fiirflMsr-ieactable aUcene, (met]i)aciylate, su^>lwr-contaiimig, or siHcon- 

5 contaiimig ffoap; miphoayl ffoap; polyeSia: gcotip; Ci-to-Cjs alkyi» gn)iq>; anune ffoop; 
mono-, di- or tri- Crto-C^alkyl amine group; -COOR groi^ wherein R is Mrogpn or 
Crto-Cisalka^ •ORgtoiq>wherdaiRishy^ 

OzSRgroiq) wlOTrfnRis Ci-to-Ci, alkyl or alkenyl; -SRgroiJp wheranRis atj^ or Cr 
to-Ci5 alkyl or alkenyl; -SiR, group wherein the R gcoiqis ace the same ot difGmnt and 
10 are hydiogOT,Crto<;i5 alkyl or alkenyU or -SR' group OR* is arjd or d-to-Cu alkyl or 

alkecyl), aryU orhrteroaryL 

Adeviceaccon]ingtoc]aim37^ribffl:eintfaesorfieu:egroiq[>iss^^ 

allow patterning. 

39. • A device acconling to claim 37 or 38 wherein ^e liV^containi^ 
15 organometallic dendrim^ has heen depositod hy «>lution processing. 

40. A device according to any one of claims 2 to 39 which ccxaqirises in 
addition to the H^emittiag layer at least one injecting laya:. 

41. A device according to any one ofttie preceding claims whidbt is alight- 
emitting diode (LED). 

20 42. A photovoltaic device which con^ses at least one layer ftat contains 

phosphorescent organometallic dendrimCT with a metal cation and two or more 
coordinating grotqps as part of its core and wherein at least two of said coordinating 
groiQ>s each have a dendron attached, at least one of which dendrons con5)rises at least 
one nitrogen atom which forms part of an aromatic ring system or is directly honded to 

25 at least two aromatic gcoiqps, wherein said at least one layer is as defined in any one of 
clauns 1 to 40. 

43. A device according to claim 1 sobstantiaUy as heranbefore described. 

44. A device whidi comprises at least one layer that contains a 
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phoqkhoiescent organometallic compound with a metal cation and two or more co- 
CTdinating gcoiq>s as part of its ccxre and wherain at least two of said co-oxdinating 
groi9seadilmveasid3Stituei]tattadi^ ' 
least one nit rog m atom wMdi fonns part of an axomadc ting system or is direcUy 
5 bonded to at least two aramadc groins, said nitcogen atom befaig linked to the co- 
oidixiatmg gtoi9 by a direct bond or an optionally s^ 

45. AplKiqilKnescentocganometalficdendiinQierw^ 

or moKP coonlinating groups as part of its core and wherein at least two said coordinatmg 
groups each have a dffldnm attadhed, at least OE^ 
1 0 one nitrog^ atom which forms part of an aromatic ring system or is directly bonded to 
at least two aromatic groups. 

46. An organometallic dendrimer according to claim 45 wherrin ttienitzogea 
* atom forms part of an aromatic ring. 

47. An organometaMc dendrimer according to claim 45 or 46 wh 
IS nitrogen atom is direcQy attached to 2 or 3 aryi groiq>s. 

48. An organometalKc dendrimer according to any one ofclaims 45 to 47 
wheirin the dendrimer conqnises at least one nitrogen atom as defined in claim 46 and at 
least one introgen atom as defined in claim 47. 

49. An organometallic deaodrimer according to any one ofolaims 45 to 48 
20 wMdi is i^iosphorescent hi the solid state. 

50. An oiganometalfic dendrimer according to claim 45 wMcdi has one or 

nKxre of Ifae features of claims 5 to 7 and 14 to 

51. Apboq>borescent<nganomete]licconq)ouiidasdefi^ 

• 52. A process fi)r prodndng a dendrimer as claimed m any one of claims 45 
25 to 50, wfaicb process conqxrises: 

(a) ' providing a core by fimniiig a con^lex between a metal cati 

more coordinafing groups, at least two of fliesaid groiqis bearing a 
reactive fimctionalit^ and 
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(b) treating the core thus provided with t^^ 

been JSmctionalised to render them reactive towards the reactive 
fancticmalities present in the core, at least one of the deadrons comprising 
at least one nitron atom' which forms part of an aromatic ring system or 
5 is direcayboiided to at least two aromatic groins. 

53. A process according to claim 52 wherein at least one of the coordinating 
groiqis does iu)t contain a reacdveftmctionaKty and • 

attachment to a dendron in step (b). 

54. A process accordii« to claim 52 OT 53 wherdn the core.pro 

10^ (a) is represented by form\ila(n) as defined mxW 

reactive fiou^onality. 

55. A process for producing a deodiimer as claimed in any orie of claims 45 

to 50, which process comprises: 

(a) attaching a coordinating group to each oftwo or more dendrons, at least 

15 one of which cooa^rises at least one nitrogen atom whidi fomis part of an 

aromatic ring system or is directly bonded to at least two arranatic groups 
and 

(b) forming a complex between the coordinating groi5>s and a metal cation 
' which is optioiiany bonded to one or more Bgaiids which rmaain in the 

20 resulting complex, 

56. Aprocess for producing a deadrimer as claimed in anyone of claims 45 
to 50, which process comprises: 

(a) attaching a coordinating groiq> to each oftwo or more dendrons at least 
one of ^T^ch conqxrises at least one nitrogen atom which forms part of an 

25 aromatic ring systom or is directly bonded to at least two aroi^ 

(b) Iteming a conrplex between the coordinating groins and ametal catior^ 
and 

(c) cqptiooaUyfitttfaff treating said co^ 
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coo(rdiiiatii|g ligands. 
57. A process aceonfing to claim 55 or 56 wha:dnl]iecoiiq>lex formed 

(D) as defined in claim 29. 
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TW8 Ifitemationai Search Roport has not been estaba^d In reaped of certain daima under Artde 17(2Ma) lor Ihe foUowing reaaons: 

1. I I Claims No8u 

* — * becauaelhey relate loauljeen matter not required to be ae^ 



2, I X I dabneNoa.: _^ 
' — ' becauae they reWe to parts of the IntemaWonalAppfcatton that do not 001^ 
an esdant that no mearingftii International Search can be canted out, apecWcaliy: 

see FURTHER INFORMATION sheet PCT/ISA/210 



* rSI!Sr^ are dependent etetfme 
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eearah Itoa were fbnely paM by the applicant, tite Internalional Search 



2. rn AaaneeanshMedalmeoouldbeeeErche^ 
— ofanyaddKtonalfde. 



a I I As only some of the required addttonalaaarch fees were timely paid by the 
> — > oovereortythoeaolaima for which ffeeewrerepalciapeomoalVol^^ 



4. n NO reqUbedcridHtana! search Itoea were IftMly paw by the a^ 
^— ' reslilBM to «ie Invention firatmentoned In fie ddma; it is ocw^ 



onPraiost I I The addMond search tees were acoompanled by aieappOcam'aproteat 

I I NoprotBSkaaoompantBdlhepaymentofaddMmaleearchf 



Fdrin Par/I8A/210 (conHnuaflon of firat aheet (1)) (July 
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Present claims 1-57 relate to an extremely large number of possible 
compounds/devlces/processes. In fact, the claims contain so many options, 
variables, and possible permutations that a lack of clarity within the 
meaning of Article 6 PCT arises to such an extent as to render a 
meaningful search of the claims impossible. Because of the lack of 
explicit structural features in the definition of the organometalllc 
dendrlmer, It Is Impossible to formulate an adequate structural drawing 
of said dendrlmer that would be suitable for a meaningful search- 
Consequently, the search has been carried out only for the compounds 
explicitly disclosed In the application (Examples 5,7,25,33). 

The appl1cant*s attention Is drawn to the fact that claims, or parts of 
claims, relating to inventions In respect of which no International 
search report has been established need not be the subject of an 
International preliminary examination (Rule 66.1(e) PCT). The applicant 
Is advised that the EPO policy when acting as an International 
Preliminary Examining Authority Is normally not to carry out a 
preliminary examination on matter which has not been searched. This Is 
the case Irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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